In this paper we describe a methodology for the preparation of thioglucosides of substituted 1,4-naphthoquinones via condensation of related chloronaphthoquinones with the sodium salt of 1-thio-β-Dglucopyranose in acetone-MeOH solution and subsequent base-catalytic conversion of these mono-and dithioglucosides in the linear tetracyclic quinone-carbohydrate conjugates.
Introduction
The 1,4-napthoquinones are widely distributed in nature and occur in animals, plants and microorganisms 1 .
This group of compounds exhibits antibacterial, 2 cardioprotective 3 and anticancer activities [4] [5] and provide structures regarded as perspectives in medicinal chemistry. Quinones exert their actions through the generation of reactive oxygen species and modulation of redox signaling radical reactions: as prooxidants; as antioxidants and as electrophiles, forming covalent bonds with tissue nucleophiles. 6 That broad spectrum of biological activity renders them interesting leads for the development of novel medicines. 7 Naphthoquinones often possess poor solubility which hampered their practical use. The conjugation of naphthoquinones with non-toxic carbohydrates is one of the best successful way for improving their solubility. Also, conjugation of naphthoquinones with carbohydrates led to the novel structures with new types of biological activity. [8] [9] [10] [11] In the course of our drug research project we developed an effective method for preparation of naphthoquinone acetylthioglucosides by the condensation of available substituted chloroquinones 1a,b with tetra-O-acetyl-1-thio-β-D-glucopyranose (2) (AGSH) and obtained related naphthoquinone acetylglucosides 3a,b. The acetylglucoside naphthoquinones 3a,b readily were deacetylated with MeONa/MeOH and led the water soluble thioglucosides 4a,b. However under these base conditions thioglucosides 4a,b immediately converted in the insoluble quinone-sugar tetracyclic conjugate 5a in good yield 12 (Scheme 1). Recently, this protocol was successfully used to prepare quinone-sugar tetracyclic conjugates based on quinone 1b with acetylated 1-mercaptosugars of D-galactose, D-mannose, D-xylose, L-arabinose and D-maltose. 13 The obtained sugar-quinone tetracycles were converted in acetyl derivatives by the treatment Ac 2 O/Py. Both synthesized tetracyclic quinone conjugates and their acetylated tetracylic derivatives were active in vitro against human promyelocytic leukemia HL-60 in 1.0-5.0 μM concentrations, while starting acyclic acetylglycosides were less active ~10-100 times. The condensation of dichloronaphthoquinones 9a,b, bearing chloro-and methoxysubstituents in quinoid core led to dithioglucosides 11a,b with 89-94% yield. These dithioglucosides 11a,b under treatment by MeONa/MeOH were easily converted within 30-60 min in the tetracyclic conjugates 12a,b in good yields 83-86%. The substitution of chloromethoxyquinones 10a with equimolar ratio of thioglucose salt 6 proceeded in acetone/MeOH solution in 1 h and gave monoglucoside 14a in 80% yield. Under these conditions the trichloromethoxynaphthoquinone 10b led to monoglucoside 14b (74%) and related tetracyclic conjugate 12b (7%). Under MeONa/MeOH treatment, the monoglucosides 14a,b were readily converted to tetracycles 12a,b in 75-81% yields. Tetracylic quinones 12a,b were easily acetylated by Ac 2 O/Py and gave acetyl derivatives 13a,b in good yields 84-85%. The final part of the study was carried out on the 5,8-dihydroxy-1,4-naphthoquinone (naphthazarin) derivatives 7a,b and 8a,b. It is known that naphthazarin exists in various tautomeric forms that react with the formation of different reaction products 15 .
Scheme 5. Dichloronaphthazarin 7a tautomeric equilibrium.
To suppress the addition of thioglucose to the quinone ring of dichloronaphthazarin tautomer B (Scheme 5), the dichloroquinone 7a (0.50 mM) was condensed with reduced amount of thioglucose salt 6 (0.91 mM) in acetone-methanol solution for 1 h and led to mixture of chloronaphthazarin thioglucoside 15a (21%) and naphthazarin bisthioglucoside 15b (69 %) (Scheme 6). Dichlorodimethylnaphthazarin 7b (0.50 mM) reacted with an excess of thioglucose salt 6 (1.261 mM) in only 18 h and gave the dithioglucoside dimethylnaphthazarin 15c in an excellent 95% yield. It can be assumed that the reduced reactivity of dichlorodimethylnaphthazarin 7b in nucleophilic substitution reaction is due to the electron donor effect of two methyl groups on tautomeric equilibrium of naphthazarin core. Condensation of 2,3-dichloronaphthoquinone (1a) with thioglucose sodium salt 6. 2,3-Dichloronaphthoquinone (1a) 68 mg (0.35 mM) was dissolved in acetone (6 mL) and MeOH (6 mL) and glucose sodium salt 6 163 mg (0.75 mM) was added. The resulting mixture was stirred during 1.5 h at room temperature until the conversion of starting quinone 1a with R f 0.90 (B) into a new yellow compound with R f 0.30 (B). Inorganic salts were filtered off, and the precipitate was washed with acetone. The combined filtrate was evaporated in vacuum, and the residue was subjected to preparative TLC, yielded 2, During the reaction of 9a, the formation of a brown precipitate 12a was observed. The precipitate was filtered of, washed with water, dry MeOH and gave high purity quinone 12a. The reaction mixture with quinone 12b was concentrated further and subjected preparative TLC; double development with system B gave orange band of quinone 12b. The quinone 12b was eluted from SiO 2 with acetone and equal volume of MeOH was added to acetone eluate. Gently evaporation of this solution on reduced pressure led to formation pure orange solid of tetracyclic quinone 12b. 
(2R,3R,4S,4aR,12aS)-2-Hydroxymethyl-3,4,-dihydroxy-7,10-dimethoxy-3,4,4a,12a-tetrahydro-2H-naphtho-[2,3-b]pyrano[2,3-e][1,4]-oxathiine-6,11-dione (12a

3-(β-D-Glucopyranosyl-1-thio)-2,5,8-trimethoxynaphthalene-1,4-dione (14a).
Quinone 10a 141 mg (0.50 mM) was dissolved in acetone (10 mL) and MeOH (10 mL), thioglucose sodium salt 6 110 mg (0.50 mM) was added. The resulting mixture was stirred during 0.6 h at room temperature until the consumption of thioglucose 6 and conversion of the starting quinone 10a in the new orange compound with R f 0.45 (B). Inorganic salts were filtered off, the precipitate was washed with acetone. The combined filtrate was evaporated in vacuum, the residue was subjected to preparative TLC (system B) and yielded 3- .05 (ddd, 2H, J 1.8, 5.6, 9.6 Hz, 2 × H-5'), 3.10 (dd, 2H, J 8.8, 9.5 Hz, 2 × H-4'), 3.15 (dd, 2H, J 8.8, 9.6 Hz, 2 × H-2'), 3.21 (dd, 2H, J 8.6 Hz, 2 × H-3'), 3.33 (dd, 2H, J 5.6, 12.0 Hz, 2 × H-6'), 3.45 (dd, 2H, J 1. The reaction mixture changed color from red to dark blue and the dark blue solution was formed. The reaction mixture was stirred at room temperature during 6 h, until consumption of bisthioglucoside 15c, acidified by dropwise addition of conc. HCl and was evaporated under reduced pressure. The residue was subjected preparative TLC (system C). The main red band with R f 0.47 was eluted from SiO 2 with acetone. The acetone eluate was dissolved by equal volume of MeOH and the solution was gently evaporated on reduced pressure and led the sample (2R,3R,4S,4aR,12aS)-2-hydroxymethyl-3,4,7,10-tetrahydroxy-8,9-dimethyl-3,4,4a,12a-tetrahydro-2H-naphtho [2,3-b] 
2-(β-D-Glucopyranosyl-1-thio)-5,8-dihydroxy-3-methoxynaphthalene-1,4-dione (17a).
Quinone 8a 113 mg (0.40 mM) was dissolved in acetone (10 mL) and MeOH (10 mL), thioglucose sodium salt 6 110 mg (0.50 mM) was added. The resulting mixture was stirred during 1.5 h at room temperature until the consumption of
